
nwt\ttiVtm\of/th- fowl \»«tvi>is, <\it.\/ |30Q2X !3ftHl I II

A REVIEWOFTHE INVERTEBRATEPHTtUJM KAVim>ZOY<ENTOPROCTA)AND
SA NOPSIS OF KWIPTOZOAN DIVERSITY IN AUSTRALIAANDNEWZEALAND

In Ki R5T1W WASSON

Summary

Wasson. k. (2l)M2) A review »ii the invcrie.hr;jle phylum kumpiu/oa (I utopoMJkO ;iiutv>in>psis ol kanipio/ojn

do L-rsitv in Australia and New Zealand. Tnm>. H, $h . V, tit.si. 12(>(

'

), 1O0, 3 1 Ma> 20(0,

kamplo/oans arc liny suspension leed.as, Mipcrlieinl > resent Ming Mvo/oaos or hydroids. IniL

phyhmcnciieully aftllmiCll wiih spmalians Midi & polychucles. All 150 of the described species undergo
hudding. either lo form clonal aggregations rir interconnected colonies. This HeviftW provides Q syndic-sis »>l

ctinvni knowledge about kampio/oa, Updating ttlC lust general I:iiij,lish-li)iigu;p-!e description nl The p1i> hm>
(troviJutl In llyman in lUsl. kampto/o;in morphotngy. reproduction, and ph> logcnctic relationships arc

characterized, finally, each ol* Ilic three major kampuvoan families is described with esimiples drawn from
Australia and New Zealand. Currently %? species are known Ironi this region, but many more remain to he
dixcmereiL I he Australian fauna is unusually rich md varied and includes the world's largest kampio/oan
species,

Introduction

Isnmpto/oans arc tiny, Icnlaculntc stispcnsiuii

feeders that live in all oceans of the woild. Clonal

aggregations *>l" independent /ooids (I ig, la) a'O

fbund Oil invertebrate hosts, while colonics ol

interconnected /ooids (I ig. lb. c) grow ^v\ various

sithsiiaia Each /omil has the .shape of a wine glass:

a bowl-shaped calyx is supported by a slender

tleviblc si.illv thai attaches nasally lo the substratum.

I he calyx is ringed by a horseshoe of ciliated feeding

lentaeles and contains a U-shaped gut a small

ganglion, a pair ol protonephridia and one or two

pairs of gonads. I he space enclosed by the tentacles

forms an atrium, the deepest part of winch serves as

u brood chamber for developing embryos.

kampto/oan /ooids actively bend and twist. Their

characteristic motion is reflected in the phylum's

scientific name (t reck: ktmi/fUwiui lo bend) and ds

common name, "•nodding heads'", Another name lor

die phylum. Cnioprocla.is less appropriate because h

Mimesis an affiliation with the Letoproeui (tiryo/oa)

and it implies erroneously thai the anus i.s completely

enclosed by the leniaeular ciliation. KampU'/oans
bear only a superficial resemblance to hryo/oans.

w ilh which they were once grouped,

I>evelopmcnlally, kampluzoaus arc spiralians but

their phylogenelte relationships to other mein/.oans

remain enigmatic.

About 1 50 species have been described worldwide

but kampto/oan diversity probably exceeds 500
species (Nielsen |*3R^ T

While they -ate widespread

and arc ijuilc abundant 111 some iriierohabitats. most

of lhe world's kamplo/oans arc poorly character! /cd

I Iklit'in Stimuli Nulitiiiul Isluarinc Research KcsciA'.' ftoy;il i WK*f

i. AO'tnfv I SA. l.-mnil; rcHturelr.'vlkhum-'-ltHt^h ttiv

or not known al alL liecause un^sl species are lift)

and easily overlooked, kamplo/oans occur in all

oce;ms. from lhe uUertidal /one lo several hundred

metres depth. A lew colonial species live in brackish

water and {>\w in frcshwalci. Keprcsciilalives of ill

three major families (Loxosomalidae, I'edicellmidne.

Barentsiidue) have been i\nm\ in every marine

region that has been thoroughly surveyed. The fourth

family (Lovokalypudidae) has been found only once.

Ul tile norlhcaslem Pacific.

The main purpose of this review is to synthesi/e

current knowledge aboul the kampio/oa. The last

general Kuglish- language descrtpiuin of llilS phylum
was provided by I lyniari (

1 05
1 ), and there have been

many advances in our tmdcrsiandinfi since that time.

In summan/mjj: what is known aboul kampto/oans, I

draw heavily on work by iwo recent pioneers in

kainpio/oolnL'V- P, 1 mschernntnn ice. f.msehermann

1^72, 1 982) antlC. Nielsen (i:.ii. Nielsen 1971. K>%-
Nielsen and Jesperstn 1997). A sexond objeciive ol

this leview is lo highlight the Infill and unusual

kampto/oan fauna oi' Australia and New Zealand.

History of study

Kamplo/oans were brsl illustrated by Lllist 1750)

Pallas (1774a, b) described the firs! species at

Bnuhi(>mts cnwnt,s. placing it in a genus of rotifer*

The same species was placed in the new genus

l\tlu<-llithi by Sars (1X35). who considered il a

naked biyo/oan, Van iieueden t I K45 > contribulctl

the first thorough monograph of kamplo/oau
morphology and reproduction, I he genus L'lvatflhi

was described by I eidy (IN5II and Losnsunui by

kcfersiein ( IS02). Allnutn tlM.SO) pointed out the

unii|ueness oi kampu»/oan cal>\ and tcniack

struelure. Nilsche (1K70) conceived of PcdiceHwu.
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Fig. I. Structure of Icamplo/nun /ootds. (a). LoxnwmeUtt sp. 3 on sponge, (b). Pi'diceflina White feg%it. (c). Barmitxtfl -.p. I

tfrtititelta and l.oxosoma as a natural grouping, the

Fntoprocla. and separated them from all other

bryo/oans. the Fetoprocla. Hatschek ( I 8X8) first

raised the enloprocts to the level of phylum, (.'lark

( 1921 > proposed the name Calyssozoa to distinguish

this phylum further from the bryozoans; Cori ( 1929)

agreed with this intent, but changed (he name to

kamplozoa. since the name Calyssozoa had already

been applied to another taxon (the cnidarian

Stauromedusac). Late in the I

c
> 1 1 1 century, a number

<>[' prominent scientists investigated kamplozoans,

emphasizing embryologieal and phylogenetie

questions (e.g. Barm is I S77; Ilarmer 1885; Seeliger

1890). Since then, only a few researchers at any one

lime have focused on kampto/oans.

Morphology and physiology

External characteristics

Kamplozoan /ooids are generally constructed of a

stalk, basal attachment and calyx (Fig. 1 ). The height

of individual /ooids ranges among species from 0.3-

30 mm. The stalk develops as an outgrowth of the

calyx to form a flexible, roughly cylindrical support.

Clonal forms (Family Loxosomatidae) have a

specialized basal organ (either a muscular suction
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with an associated

gland (Fig. la)) with which they attach to

invcrlcbraic hosls. Beneath the stalks of mosl

colonial forms (Families Pedicel I inidae and

Borcntsiidae), stolons {Fig. lb, c) adhere to various

living and non-living substrata with eulicular

adhesions. The cup-like calyces range in height from

I). mm ant I are rinued bv a horseshoe of

tentacles. The mouth and anus are at opposite sides

of the calyx, regarded as anterior and posterior

respectively (Figs 3, 4b). The calyx is bilaterally

symmetrical; a vertical plane through mouth and

anus divides the calyx into right and lell mirror

images (Fig. 3). The region ahove the stomach is

ventral (this region was below the stomach in the

larva); the bottom of the calyx and stalk arc dorsal

(Fig. 4b).

Body wall, musculature and support

The body wall is a single-layered epithelium.

covered by a glycoprotein cuticle containing a trace

(0.06-0.45%) of chitin (Jeuniaux I9N2) but no

collagen (Emschermann 1982). 1 he Ciiticlc is

generally thickest on the stalk, which may be darkly

pigmented, moderately thin and transparent on the

calyx, where the internal anatomy can be readily
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I m. 4. Structure ofa kampto/oan calyx, (a). Anterior view nl contracted male redfcellim wmt&tiggii /ooid. fh». Side view

ol'expaiuled female P. wfttteleggii Cjtfyx*
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observed through Ihe body wall, and thinnest on the

umcr I, frontal) side ol the tentacles (NieUen X-

Strong longiludina.1 muscle fihivs beneath the stalk

epithelium produce the eharaeicrishc bending

motions of kampto/oan /ooids. t ireuktr musics are

limited to the tentacular membrane and sphincters

Ivhveen purls ol the gul. The slrncUirv of muscle

litres has been described by r.mschermnnn ( 106%.
1^X2), Rcgcr (loowi iin j Mtdseo and -tcspeTsch

(!'> l|
7|. Kampto/oans lack a coelom. Ihe cavity

surrounding Hie calyeal organs and e\tendin» into

the tentacles and stalk is filled by a loose fluid matrix

t,vf mesenchyme cells which acts Kg II hydrostatic

skeleton and, togcllici with (lie eulielc. lends Itic

Malk nuidil\ fHrien l 5 ».

/ iKUttnof/on Ltmf ninwmciH

All ka|opl«>/(>aii> have larvae thai swim or creep by

ciliary action. While larvae represent the main
dispersal mode lor most colonial, and perhaps many
solitary species, some species are mobile at other

suites mthe life-cycle. In souk lovosotnatid species,

i>v.*\\ I v released, ase\ually produced buds can swim
with (livir stalk forward, propelled by theii tcmaciilai

cilia; in a few Insosomutids. adults n»;iy also be

capable or such swimming (Atkins \*jR7; Rylaml &
Aiislm lOdO: Nielsen I %ft), 111 lo\osotnalid species

v\ huse udulls can altach repeatedly lo the subsiiaium,

passive drifting of detached /ooids may also scne
fill dispersal. Most colonial farms are sessile .as

adults, hut in the freshwater species i'nuilv/hf

'.:/'(/(//(.. I eul> I KM, short propagation stolons ofisvn

or three /ooids often hreak Oom a largei colony.

Icuclmg to rapid colonization of a favourable area by

bagmeni* of I he same original colony which have

spread by drifting < I msthermann ls*X?),

In some species in Ihe genus LoyoSititia. /.ooids

i-mploy their basal suction discs lo somersault across

lliU -mhstrulum i Asshcton I°I2: Nielsen l^o-l).

'moving, an u manner lasciuating and uniipie by a

--.cues of gymnastie ellorts- which combine the

aedily of ihe kangaroo and the deliberation Of Bl

geometer eatcrptlku" (Asshctou l'M2i. the /ooid

bends down until thecaly\ allaches by four long oral

legacies lo the subslralnm; (Ik* suction disc then

detaches from die substratum and Hips over the cal>\

10 rcatlaeh some distance from its original -ilc: the

/ooid then returns to an upright orientation (fie. 2).

While adult, locomotion occurs in (inly some*

spicics. ihe non-1. icomotory bending motions ot*

attached /.ooids are cliaraelenstic of all members ol

'lie phylum. Although the rapid and vigorous

nodding tff kampln/oans immediately catches the

iil)seivci \ eve. the mechanisms and stimuli involved

have not been ihorotighly examined- Bending of the

stalk ivsuhs from sh.irtem'ng »»f longitudinal muscles

\KS1 >\

on iiiic side (Bricn I°s0}. ,\ sponger bending

response is obtained by stimulation ot calyces than

ol stalks H on \
{ )Mi\. The nodding and wriihing mav

help /ooids escape predators, may diminish

overgrowth by tooling organisms, or pray prevent Ihe

calyces from repeatedly filtering Ihe same walcr.

Kinally. individual calyces have a characteristic

tespouse to disturbunee- When irritated, the tentacles

curl inwards -t\K\ ate enclosed by a delicate layer ol

tissue, the tentacular membrane (figs i \) y vnIulIi

tightens hke a draw-string purse by means of citctibr

musculature. This rm oiling ol die leiitaeles

resembles the contraction of a sea anemone ii'mrc

thau Ihe lelractiou a bwo/o;m lophophoiv.

Kampto/oan% arc suspension fectkrs i>n

phyloptanktoli and oilier parttculale food, liacli

lentaetc has live longitudinal rows of Ciliated cells

(Atkins I W: Marisud 1%5; Nielsen & Roiuiaici

\^7h). On ihe sides ol each unlade U ig ^l fnve

(Jieiul Cells be;n eoriipouiid cilia Miat hetf ("wards

Uic (eiilaclc s frontal mullme (Nielsen & Rostgaard

P>7( t ): these cilia generate the feeding currents.

Water is drawn between the tentacles Irom below die

tentacular crown, then sent upward awav fonu the

eulyx (Atkins |0.C). The lateral cilia aUo capture

particulate lood Irom (tic water currents they ereaie,

kampto7oans employ a downstream collecting

mechanisni (Nielsen c& Kostgaard l
l )7ft). Inside the

rowrv .»! laieral colls, rows Of narrow lalerofo'oi u

cells bear sliorl cilia thai pirstirnably transler fnod

Irom Ifllmil to frontal cilia (Manseal \
l ho\. J he

frontal midline of each tentacle has a single row fli

large frontal cells bearing short eilia and STllflll

mueu--. \esieles: these cilia beat with the etTeclMc

stroke lowards the base ol the tenlaele. and transport

captured particles in u band of mucus lo the base ol

the tentacles (Nielsen M Rostgaard 19761, ''»>'»(

panicles iht:n travel in ciliated gutters, ihe rigln aflU

left atrial grooves (fig. _^j lo the monif (Alkiih

Soiiie kampto/oans apparently (rap filiates and

olher organisms by rapidly eoniraeling the tentacular

enuvn (Atkins l
l )T?) One Antarctic kampio/oanbas

special multicellular extrusive organs ("lime-twig

glands") that discharge hollow, sticky tlueads.

presumably to capture larger prey items that

supplement its diet ol suspended pa rt teles

(l-rnschermunn i*>^3b).

Kamplo/oans have a U-shaped guL wilh both Ihe

mouth and anus openine venlially 1 1 igs '}. 4bi. Ihe

digeslive iracts ot" larvae and adulis are simple tuhes

of ciliated epithelium divided into four icgions, ami

have been eluirueieri/ed by Reek ( l*-»^X) aittl Nielsen

ami -lespeiscn (IWl), The crcseeiU-shuped mouth

(Fjg, }.) leads lo a fuuncbtike buccal easily, then to o
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uaiiovv oesophagus ttal opens mto 3 voluminous

stomach lilling much of the calyx (fig. 4b). Ingest :d

paiiiclcs arc embedded in stranti^ of mucus lhal arc

kepi in constant rotation hy cilia in !hc stomach: (he

gut lacks uuisculaUirc except al sphincters mlW£pti

nyions aiul food is transported entirely by Ciliary

action i licckei IJQB). Hie strands gradually

consolidate into clumps as they puss towards the

mlcslinc. Digestive enzymes arc secreted hy

glandular cells in the ventral "roof" ol the stomach;

absorption occurs holh in this region ol the stomach

aiul in the inlcsuuc (Becker 1938). The stomach

leads io a short intestine, and ihcn to ihc rectum,

which projects above ihc I1o«m of the ;itriiitn (Tigs 3,

4b). such ihaL faeces released into the tentacular

water current arc swept away than the calyx. When
ihr icutacles are contracted, the rectum (bids lid-iikc

ova the allium.

( in Hntfttrv tuni tvspn'a/on wtfcflts

Siiiec kampio/oaii ealyces are liny, di I fusion is a

'.nhivieni transport mechanism; no spceiti! organs

facilitate circulation within the cal> v. loose

mesenchyme surrounding the organs allows lor the

tiec circulation of dissolved gases and nutrients.

Contrary \l) earlier indication.* (e.g. Hymau l*J5lV.

thcie are ho Tree aiUocbocste-. enhancing nutncM

transport within liie mesenchyme matrix

( I in-.ehecmann looOaf In loxosomalids, fluids also

pas:- Ireely between the calyx and the stalk, helped

on their way hv muscular movement* In many
colonial kamplo/oaits, diffusion may POI sutliee [for

circulation throughout the /ooid because ihesLalk is

often much longci than in lo.vosomaiidsand ii partly

separated from the calyx by a euticular septmn.

I'ediceltiuids and barcnlsiids have a cirudalory

structure, the star-cell organ (Fmsehermanu lMfW>u).

^ Mack ol flattened, stellate cells spans the narrow

/one between die slulk and calyx (I jg. 4hl. I he

fo|unost cell contracts and expands like a pipette-

bulb; rhythmic pulsations of the stacked cells pinn^

11 aids between calv\ and stalk (lanschermann

I VMln l

i\< tvfhut

A pan of llauie-bulb prntoiiephndtu. located just

posJciior of the oesophagus (Tig. 3}, apparently

luiictious mainly in ion regulation and

osmoregulation ( Lmsclicimann 1

c
> N2 > , Kaeh

prolonephridium is composed tji' four mullieiliatcd

cells. I wo of [lie cells form a leimmal organ, with a

Idlraiion area where they intcrdigilate. the third and

lourth cells encircle the nephridial lumen, and ihc

fourth cell forms the nephridiopore (h'ranke l

ut
)3). In

toxosomalid calvces. the two protoitcphridia Qpcji

scparaleiy into [be atrium, while in slolouatcs they

pfrtsn through a common nephridiopore (Irankc

I
l H>3 ). The li eshw ater kampkvoan ( -itn>n-!li/

X'vtiffi has a more highly dcvelopcil excretory

system, wilh 30-40 protoncphndia in Ihc calyx, ami

many others in the stalk (Imschermann l%5).

Excretion of metabolites takes place in the \cmral

stomach ^rooi" (Tig, 4). a region that is often eye

catchinii because it is eoaspictunislv coloured hy (he

pigments ol" consumed phvtoplankton, The laojc

vacuoles of cells in this region contain precipitated

uric acid and guanine as well as fllgal pi^meni.%

(Becker h*3S; tnnsehennann W5). lhese

inliaeellular inclusions are eventually expelled into

I he stomach and voided

AVA'"/^ vrsYew and sensr i»\'ui>s

\ large, dumbbell-shaped ganghon ties \enlral Lii

l he stomach. just postcnot to the ptotouephridia (Tig

?). Nerves radiate Jrom this suhenteiic ganglion to

lite tentacles. h> oilier parts of ihc caly\ T and to tlu-

slalK. Many k.amptc>/oans have unicellular tactile

receptors on the tentacles and on the surface of the

calyx (Nielsen & Rostgaard I "70), In addition,

lo.xosomatids often have g pan of lateral sense

organs consisting ol ciliated papillae on the tight and

lefl .sides of the calyx, I hue are no nervous

connections between /ooids in a colony: eailier

suggestions (Hilton Ws) of an inter/ooidal nervous

system have been (ejected (J msehermann h>S2|.

The larvae of many ioxosomaiids have a pan 01

eyes, each consisting oi'a cup-shaped pigment cell, a

len> cell and a sensory cell. Ihc struciure of the eye

is uniisua : in lhal bght enters perpendicular wx ratlier

than parallel to the long axes of (lie schsoiv cilia

(Woollacott & Kakiu l°73>. No adult kampUv.eans

are known to have eyes but /ooids ol'some species

contract in response to sudden exposure lo bright

light (TaiiNcheniwinu ItyBf

Kcptmluction unit devclnpimnt

iffft \na( rrprfdnifiofi

All kamplo/oaus grow l\\ Iniddiug. la

tcx^soniatids, which b\c on other inverleluales.

buds form ill two anterior ot anterolateral regions ol

ihc calyx, often roughly level wilh the lop o\ the

stomach (figs In. %> b, Ha. h). Buds may be

produced alternately or simultaneously ai ihc two

huddmg silex The basal part of the bud's stalk

develops an attachment organ. Hie bud may remain

attached io its ''patent" tor some lime, leeding and

even becoming sexually mature but il eventually

breaks away, often attaching to a nearby spot on the

invertebrate host.

Colonial kampto/oans also bud at the anterior lace

of /ooids, but building occurs earlier in the life of

/ootds than in loxosomalids (Urien |fl?9.) Tlv

/ooids producing buds are often themselves shit im\
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Fig, 5. Asexual reproduction, (a). Calycal budding in i.oxosomellu sp. 5. (b). Calycal budding in Loxasoma sp. 1. (el.

Budding at the stolon lip in Buivnisia mulsushimima. (il). Budding al the stolon lip in PecHce/finn pvriformis.

buds; each stolon tip is a bud primordium forming

anterior to the next youngest bud (Figs lb, 5c, d). As

the buds grow and differentiate into fully formed

zooids, they are separated by intercalating growth of

the stolon. Eventually this growth ceases and a

septum with a central opening forms on each side of

the zooid, partitioning the stolon into fertile (zooid

bearing) and sterile (without zooids) segments (Figs

lb, c, 4a). Because of this pattern of formation, the

anterior side of every zooid along a stolon faces the

growing stolon tip. Colony form can be more
complex in some barentsiids, which bud from

specialized stalk regions. In some species, resting

buds (hibernacula) are formed at stolon tips. These
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undifferentiated buds are enclosed in single or

multiple chambers and are covered by a thick cuticle.

They germinate only after the stolonic connection to

the rest of the colony is severed, and following

exposure to low temperatures (Toriumi 1951;

Emsehermann 1-961, 1982).

Pedicel I in ids and ba rents i ids, unlike most

loxosomatids, can regenerate calyces, Old calyces

degenerate and are shed and are replaced by a

budding process at the apical stalk tip comparable to

that at stolon tips. Injured barentsiid zooids can

regenerate new calyces and stalks even from basal

stalk and stolon remnants (Hyman 1951; Brien 1959;

Mukai & Makioka 1978).

Patterns of bud formation at the histological level

are very similar in all kamptozoans (Seeliger 1889,

1890; Brien 1959). An epidermal proliferation of the

anterior body wall o\' a /ooid results in an

evagination that forms the bud primordium. Budding

is essentially an ectodermal process; while some
mesenchyme cells migrate from the "parent" into the

bud, no eudoderm is contributed. At the apex of the

bud primordium, an invagination forms, then

constricts into an upper and lower vesicle, which

become the atrium and the digestive tract,

respectively. A narrow passage connecting the

vesicles becomes the mouth, while the anus breaks

through at a later stage. A constriction soon separates

calyx and stalk and the latter elongates. Eventually

the atrial cavity breaks through, freeing the tentacles,

and the bud begins to feed.

Sexual reproduction

Most loxosomatid calyces are protandrie, with a

discrete male phase followed by a female phase

(Nielsen 1971; F.msehermann 1 993a); calyx

gonochorism has also been reported (llarmer 1915;

Prenant & Bobin 1956). Barentsiid calyces are

typically gonochoric (Wasson 1997). Sonic

barentsiid colonies are gonochoric, loo, containing

calyces of only one sex; other barentsiid colonies are

simultaneously hermaphroditic, with both male and

female calyces formed along the same stolon (Mukai

& Makioka 1980; Fmsehermann 1985; Wasson
1997). A very few barentsiid species have

simultaneously hermaphroditic calyces (Johnston &
Angel 1940; Wasson 1997). Some pedicellinids have

gonochoric calyces in gonochoric colonies (Marcus

1939); others have gonochoric calyces in

simultaneously hermaphroditic colonies (Dublin

1905); still others have simultaneously

hermaphroditic calyces (Brien 1959; F.msehermann

1985).

The reproductive system is rather simple in both

sexes, (ionad rudiments derived from mesenchymal

cells first appear above the stomach as a pair of tiny

oval translucent vesicles (Mtikai & Makioka 1980).

KAMPTOZOA(ENTOPROCTA) 7

These grow into large ovoid sacs, consisting of a

one-layered epithelium which is the germinal layer

from which the gametes arise (Brien 1959), In

simultaneously hermaphroditic calyces, a pair of

testes lies posterior to the pair of ovaries, bach gonad

feeds into a gonoduet, and the right and left

gonoducts merge at the ventral midline to open

through a common gonopore posterior to the

ganglion (Brien 1959),

The testes grow rapidly and may fill much of the

calyx (Figs 3, 4a). The spermatozoa have elongate

heads (Fmschermann 1982; Franzen 1983b).

Spawning has rarely been observed; apparently a

cloud of sperm is released following a sudden

contraction of the calyx (Dublin 1905).

All kampto/oans brood their embryos and release

fully formed larvae. The ovaries remain much smaller

than the testes (Fig. 4b), with only a few germinal

cells at any one time differentiating into oocytes. The

small (40-80 urn) but yolky eggs (Franzen 1983a) are

fertilized in the ovary, then discharged into the

deepest part of the atrium, the brood chamber (Cori

1936; Marcus 1939: Mukai & Makioka 1980). A
glandular region of the oviduct secretes a pliant

envelope, which encloses the embryo and extends

into a cord which tethers it lo the Floor of the brood

chamber (Marcus 1939; Brien 1959), The ovaries

release one or a few eggs per day in alternation, the

youngest embryos pushing the older ones farther

from the gonopore (Brien 1959). The tethered

embyros, like a varied bouquet of balloons, can

occupy a substantial portion of their mother's calyx

(Fig. 4b). The brood chamber contains many embryos

in a regular succession of stages from cleaving eggs

lo contractile larvae. When larvae hatch out of their

envelopes, they remain attached to the atrial wall by

the cord, with their mouth and ciliary band upward,

allowing them to feed on particles in their mother's

current (Brien 1959; Mariscal 1965). Swimming
larvae are released about a week after fertilization

(Mukai & Makioka 1980).

Embryology and development

Kamptozoans show typical spiralian, determinate

development (Barrois 1877; Nalschek 1877; llarmer

1885; Lebendinsky 1905; Marcus 1939; Malakhov

1990). Cleavage is spiral and the 4d cell is a

mesentoblast cell that proliferates loose

mesenchyme in the interior of the embryo,

eventually giving rise to the muscles (Marcus 1939).

The arrangement of cells at the animal pole

resembles an annelidan rather than a molluscan cross

(Marcus 1939). The larval mouth forms very near to

the anterior margin of the blastopore, which

eventually closes; the anus forms secondarily as

well. There is never any hint of coelom formation

(Marcus 1939).
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I iv. 6, rholophores (a) Imhrvn.-, :mmI hrvac ol { ,>\,t\nnh'tht bp I
.

(h). I arvae ol7 V( /kv////m yrhiU'h'XgH. (c). I :n\a of/'

gmc'dhi van xituplevi AH figures t»i same >c;iic.
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fig. 7. Schematic representation of metamorphosis in l\\ihcllitut c'mnut, (ii). Swimming Ian a. (b). NewTj scaled Ibrvai

tc), Period ol vidimus anterior growth, kl), Zooid with separation between stalk and calyx; tentacles forming. (t'J.

feeding /ooid. Modi lied from C'ori (1V2**),

kamplo/oan lanae arc generally hat-shaped (figs

o. 7a). Salvini-Plawen (1980) suggested the name
tholophora ((neck: tkufos dome; thoha straw

hat) for them. Ihere are a number of detailed

descriptions Oi larvae (e.g. Hurrois 1877; Con l°2°;

Marcus 1939; Mariseal 1965: Nielsen 1071) horn

various regions of the world. The hyposphcre ol'thc

larva ifl docpl) indented into the prominent. hat-ltkC

episphere when the Ian a is swimming. I he curve Ot

the I. -shaped gut is in the upper pari of the hal;

moulh and anus open on the ventral surface dig. 7a).

I here is an apical organ at the top ol'lhe hat. a frontal

organ at the tronl of the hat. and a ring ol long

compound cilia around the brim, just ahovc the

ItlOUth l'
J

tg s f> - 7 iD- 8dflW (ventral LO) Ihe mouth,

there is a second hand ol' shorter compound cilia in

the shape o\' a horseshoe, with the opening of the

horseshoe at the amis: the baud is also broken behind

Ihe mouth. These two ciliary bands heal in

opposilion and capture particles that are then

IransporLcd to the moulh by short cdia in the alrial

grooves? which run between the two bands ot longer

cilia from anus to mouth on both sides, as in the

adults (Fig. ^). Often there is a ciliated creeping fool

in the ventral area between mouth and anus (Fig. 7U).

Sonie tholophoies show unusual features (stalked

vesicles, a spiderweb pattern of ornamentation, an

adhering layer o\ detritus, etc.) Ihal are not yel

understood (Nielsen 1971 ).

I holophores resemble the troehophoics of some
spiralians (Hallbur ISK5; C'ori H>36; Nielsen l

l >7l.

1995; limsehcrmann 1982). Ihe downstream-
collecting ciliary bands Of tholophores are similar lo

those of troehophoics in cell-lineage, structure, .wn\

function (Nielsen 1995). The apical organs ol

Ihotophorcs also resemble Chose oftroehophores. Hut
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unlike uochophores. rtlostiJudophorcs. have a frontal

organ and a ciliated loot and their hyposphere is

deeply indented ihio (be episphcre when (lie lufVfi is

swimming, A few loxosomaltd larvae lack the fioulal

i»re Jin and foot and have a more pronounced

hyposphere. thus more strongly resembling

I ok hopbines, (mm these iinnis are considered

domed, nol ancestral wilhin Ihe phylum (Nielsen

l°7|) The strongest resemblance of tholophores i.s

In adult kampto/oan ealyees; larva and aduli share

live .;ime shape, structure of the digestive system,

atrium with jnial givoves. mid a very siutilat ciliary

feeding mechanism.

Lnrvae horn onh, a ten Attstiuban species ire

known. ( hie U>\>_>«>mdlti larva (lag. ha| is elongate

in tin. unierioi-|X>sMi<M a\is. whh adhding particles

and A well -developed Uteri* The PcJt\ flfitta

whift-'h'^ii Johnsion ft Walker 1917 htfWl (Fig. fib]

is- lull in the vcntral-doisal a.vts, covered with a

remarkably dense layer of detritus, and lacks a f ol

t Wassou i$9?.K I lie HiinwlMtt wwiiis larva (Fig.

ne) is relatively hi a. occupying a large portion of the

parental calyv It is about as high a$ w ide and is Iree

of adherent particles.

Most tholophores appear capable \*\' both

swimming and creeping; il is not "known It; what

evtcm Ihe larval period ol most species is pelagic or

benilne. Most tholophores are feeding larvae with a

funciional gut. However, the larval period of maoy
kampto/oans appears lo to extremely short - hours Lo

da\s i Nielsen l*>7 1 . fiuseherniatin 19N2. Wasson
)OOK,i - \o the larva's feeding while still hi the brood

chamber may be more important than (ceding after

• ctease. On Ihe other hand, some / (nt^otnu larvae are

ohen caught in the plankton and are presumed to have

a long pelagic phase (Jagcrslen l%4; Nielsen 1066).

Metamorphosis has been carefully described in a

few kamplu/oan species (Harrois IN77; Manner
INN/; Con I *->3f>; Marcus I9W; Nielsen I*/71:

Imschcnnann 1 9X21. Ihe larva eteeps Dtl the

suhsitatum. testing il with the frontal organ, before

attaching by |he tv-gtun around the frontal organ.

settling on the anterior side ( lososomnOds) 01 bv

at (at hing hv Ihe foot leg ton. settling oil l»ie

circumference of the retracted ventral ciliary wtidlc

tpcdicellimds and barcntstids), flic atrium becomes

enclosed by a constriction of the episphcre dorsal to

the ciliary girdle (fig 7b). The atrium and digestive

tract are rotated upwards as a result ol rapid growth

ol the anterior region of the episphere (fig. 7i:\.

Ne\i, a separation lorms between calyv ;ind st;dk and

the latter elongates ifig. 7dt. Ciliated tentacles lorm

as eelodcrmal protuberances at the periphery ol (he

atrium (fig. 7d). roughly in the location uf the

degenerating larval ciliary bands, finally, the atrium

breaks open, releasing the tentacles, and feeding

bcgn^tlig. 7c

K

KAMPlO/n\.l NMtl'klH IM V

While in all colonial and many clonal species the

larva does metamorphose directly into the adult,

some lo\osomatids have precocious budding in

which the larva does nol metamorphose, bul instead

dies us the buds it bears grow and are released

(llarmci \W5; .lagcisten f>b4: Nielsen 1971). In

effect, the larval bud, tathet than ihe larva itself is

the mule lo adulthood in rhe:,c species, In (he most

extreme eases, the larva is completely consumed b\

an internal bud that lorms while the larva is sbl!

wilhin its parent, and the larval gut is absent (NJicf.cn

|'tf/T). Some remarkable speeies display (urthet

hcleroehmny: Ihe huds themselves already have buck

in turn or even are semtlly nunuie while sldl

contained in the larva (Jiigersten \'%ty

Phytogeny

/ cvvvY txcoiii

karnpto/uans lossili/ed by bjoimwiiraiiou occur

in upper Jurassic rocks m Great Unlain i Ijpdd $
laylor fOTjfl and northern I ranee (.1. Todd. pcis.

comm. Ut?5] 'he structure uf /ooids

unambiguously identiltes them as member- o|' the

extent genus Rwvrifruu These Meso/oic fossils set a

minimum time for Ihe divergence of what is

probably Ihe most derived iiunily, suggesting that

ancestral members of the phylum m.i> date back

much further.

fhtfflfhl&xhipH with W&tT hiwvichnuc tttvit

Historically, there have been several proponents of

a close relationship between kamplo/oans and

bryo/oans (C|g. Uarmcr ISS5; Marcus 1939; prenanl

&*Bohin 1956: Nielsen W7I, 199m. /ooids of both

laxa have a U-shaped gut aid are ringed b\ eihaleil

lenlaeles. Hoddhig and htbernaeula i^vtw m bold

ta\a and neither has an ectodermal conlribulion

from '*parenf* lo bud. In bo|h gntups. larval eyespots

have sensoo cilia oriented at nghl aneles to Ihe

incoming light tW'oolluc.m & fakin \yf7S),

However, many oilier workers reject a close

evolutionary affiliation of kamplo/oans with

!>ivn/,oatiN (e.g. Allman IXMi; llatsehek 1MSK: Con
1936; Hyman W5I; Briwi l«S»: .lagerslen l

l >7?:

laTtschermann l°X2>. ]hev attribute the similar boily

plans of adults lo common suspension feeding habits

and liny body >i/.es. Budo'uig and hibernacula are

Ibuud in many sessile taxa h\k\ lack of endodermal

contribution to huds. is tound in pterohranens ftnd

s*-me aseidians as well as kamplo/oans and

biyo/oans. The similanly ol Ihe larval eyes is

striking but, since the eyes arc constructed somevv hal

vlitTervntly (WoollacoO § Lakin I973)l thev are noi

necessarily homologous.

Heyond a.seribrni' similaiirie-s to convergence

.

<rpponent> of ; vluso *elaiiouship betwec-M



10 K. WASSON

kamptozoans and bryozoans emphasize the

differences between the two taxa. Kamptozoans have

m) eoelom; bryozoans do, although it is rather

unusual. Kamptozoans have protonephridia and

gonads; bryozoans do not (Emsehermann 1982),

Kamptozoans retract their tentacles by curling them

inwards and pulling the tentacular membrane around

them; bryozoans retract the whole polypide and the

lophophore shuts like an inverted umbrella (Brieu

I960). Kamptozoans have downstream-collecting

ciliary bands, while bryozoans have upstrcam-

collecling ciliary bands (Nielsen & Rostgaard 1976;

Nielsen 199-5). A key component of the bryozoan

body plan is the box-like cystid, absent in

kampto/oans. There is little evidence {>(

communication or nutrient How between

kamptozoan zooids, or of polymorphism among
zooids; these features are characteristic of bryozoans

(Brien I960). Kamptozoan nervous systems are

limited to single zooids, while bryozoans have

colonial nervous systems linking zooids

(Emsehermann 1982). Kamptozoan metamorphosis

usually involves retention of the larval gut and other

larval structures; bryozoan metamorphosis is a

"catastrophic" reorganization without retention of

larval features (Brien 1959). A recent molecular

analysis of complete 18S rRNA sequences (Mackey

ct aL 1 996) provides further evidence against a close

relationship between kamptozoans and bryozoans.

If kamptozoans are not closely related to

bryozoans, with what group of animals are they

allied? Based on embryology (Brien 1959; Nielsen

1971, 1995; Emsehermann 1982) and molecular

sequence data (Maekey ct aL 1996), affinities must

be sought among other spiralians. Someauthors have

been impressed by similarities between kamptozoans

(especially loxosomatid larvae) and rotifers (Barrels

1877; Harmcr 1885; Davenport 1893; Hyman 1951),

or lurbellarian flatworms (Salvini-Plavven 1980).

Haszprunar (1996) proposes a sister group

relationship between kamptozoans and molluscs,

emphasizing similarities such as a ehitinous cuticle,

a circulatory system with sinuses, and a ventral,

ciliary gliding sole (at some stage in the life-cycle)

and a pedal gland. Alternatively, kamptozoans may
be more closely allied with annelids (Emsehermann

19X2). Until further evidence resolves the question,

the precise phylogenetic position of kamptozoans

remains an enigma.

The similarity between adult kamptozoan calyces

and tholophores has led to the proposition that the

phylum originated by paedomorphosis. This

hypothesis is developed in depth by Jagersten

( 1972), who envisages the original kamptozoan life-

cycle as consisting of a planklotrophic trochophore

larva and a benthic creeping adult with a ciliated

loot. In this paedomorphic scenario, the original

motile adult was eliminated but its ciliated fool was

retained by the larva, which became sexually mature.

This larva then gave rise to a secondary benthic

adult, which retained the same ciliary feeding

mechanism as the larva, although the ciliary bands

eventually were drawn out on to tentacles. The new
adult developed a stalk, an attachment organ, and the

ability to bud. Haszprunar ct aL (1995) recently

presented a similar scenario of a paedomorphic

origin for the phylum, but beginning with a

leeithotrophic larva.

Key to the orders and families

1 (a) clonal: new zooids budded at calyx and then

released; musculature continuous between stalk

and calyx; star-cell organ absent; larva usually

with paired frontal organ

O. SOEITARIA, F. Loxosomatidae

(b) colonial: new zooids budded at base of older

zooids or from stalks and remain connected to

each other O. COLONIALES; 2

2 (a) zooids connected by non-septate basal plate;

musculature continuous between stalk and calyx;

star-cell organ absent; larva with paired frontal

organ Sub.O. ASTOLONATA, E.

Loxokalypodidae | known only from North-

eastern Pacific]

(b) zooids connected by septate stolon or rarely

(Urnate/ia) septate basal plate; musculature not

continuous between stalk and calyx; star-cell

organ present; larva with unpaired frontal organ

Sub.O. STOLONAIA; 3

3 (a) stalk of zooids with continuous longitudinal

musculature, fairly wide throughout whole

length, stalk and calyx often with euticular spines

F. Pediccllinidae

(b) stalk of zooids alternating between wide

muscular nodes and narrow rigid rods; rods often

with euticular pores; stalk and calyx generally

without euticular spines P. Barentsiidae

Systematics and Australian diversity

Order Solitaria Emsehermann, 1972

Family Eoxosomatidae (Hincks, 1880)

The order Solitaria contains only a single family,

the EoNosomatidae. Nevertheless, it is the largest

natural grouping of kamptozoans, with about 100 of

the 150 described species. Three loxosomatid genera

are currently recognized (Nielsen 1996);

Loxosomella, Loxomespiloti, and Loxosoma, and arc

distinguished primarily by their basal attachment

structures. About 20 species of loxosomatids have

been reported from Australia and New Zealand but

only seven of them are described (Appendix). Many
more species certainly remain to be discovered; until
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Fig. 8. Loxosomatid diversity, (a). LoxosomeHa sp. 3 showing foot, (b). Loxosomella relatwn. (c). Loxosomcttu sp. t with

larvae at top of calyx, (d). Loxosoma sp. 2 showing basal muscular disc.
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more (borough surveys arc undertaken, it is

impossible in assess the (rue diversity Australia ^

luvosomalids,

I o\tisotnalids. ty-htdl form clonal act-legations by

calyeal budding, arc considered the mpsl
plesiomorphic yroup of kamplo/oans(PmsehetTiiann

l

l /72), The highly contractile /ooids are often very

mad t ICfti than I mmlijghj.
( 'alyx ami stalk are not

.sharply separated and longitudinal musculature is

continuous between Ihcin. The calyx and tentacles

.hi generally oriented obliquely to Q)c Malk (I igs Lu,

X). J lie calyces arc often" compressed in die anterior-

po-uriwraxis ^omelimes so strongly lliat die /ooids

teseoihlc paddles

In t.oxovwtf/ht, ihc basal part of the stalk of htuU

i
i

rlifiercilliaied into a structure resembling a human
fool (rigs la. Na». The heel of! lie loot is anterior and
lontauis a conspicuous gland. A groove lined by

accessory glum) cells iuiis from the heel to the

posterior toe. wheie il opens. When a bud is released

from its "parent" it attaches !o the substratum by ils

tuu In >i»ini- species the tomd retains the glandular

loot for ils chlirc existence and is able to detach and

reattach repc.iudlv over Us lifctmiL-. \^ other species,

tnc h'ol i>( Ihc bud degenerates; alter allaehmcnl and

die adult become;-, permanently cemented to the

substratum (1'ig.s Sb. e). /ooids ot llic nionotypic

gi*lU3 lowwesptUM Iiavc a very reduced stalk and

fool b\ii uilktwisc icsv'inbk- lnM>sa>nc(iu /ooids

tKobin & Prenanl 1 053; Nielsen IW6). Seven

described and eipht undescribed species ot

f.nxosontcihi are known from Australia and New
Zealand, and most of (he species, in the Appendix

w hose basal altatbmeitl structures could not be

us&tt&J (an J so are listed merely as* "I oxosomatid

sp.'i probably belong it* La.xostttiic/ia as well.

In fA\\oson/ii, each /ooid is attached by a muscular

notion disc at the base of die stalk (Pig, Xdk

additional suction discs may occur posteriorly and'or

at the hasc oldie tentacles (Nielsen I WW.Zooid>

iclaiu the abilttv lo detach and reattach, sometimes
moving actively across the substratum (Fig 1\- All

known Ln\ti\<>nni larvae have stalked vesicle* on the

episphere and undergo budding latliei than a normal

incLimorphoM^ \ .Nielsen ITO6j T * mly three

(undeset'ibed) LaxOt\tyniU species arc known Iron/i

Australia and New Zealand.

Most loxosoniatids dwell on other invertebrates. In

\iisiiaha and New Zealand they have been reported

horn various sponges, a sipuiieulfin, varim.is

pnlveluctcs, <wt_i birudineaus, a suiiai lobster, two
ponvns and various hrvo/uans (Appendix |; As im>ie

puieoh:.! hosK m this fcgfoii ate examined lor the

piesence ol loxosomabd syrnbionls this lis! will

certainly grow. I ach lososnmaiid species appears to

have euiiei <i smele host species 01 a limited set ol

potential ho.-.i spcucs. I arvac, and possibly also bud.-

and motile adults, can colonize new hosiv ii is not

known whether propanoic picfcrencc ol dirrejviilial

inortalily on dillerenl host species is responsible toi

the later distribution ot adults. Association with othci

invertebrates has clear benefits lor the loxosomaiul

The /ooids are often located in ihc pathway »il the

host's feeding or respiratory water currents, which

lliey may use for their own ciliary feeding (Nielsen

10M). Ihe host probahty oilers the fragile /ooids

proiecnon from predalimi or other damage. Whctln i

the presence of loxosornalids negalively affects ihcir

hosts is not known: Williams 1 2<M>(>) has shown thai

host epidermis may be modified by Inxosomalid

syrnbionls.

Worldwide, many lov»soinattd spee.es (aboul

50%) Inc on polychaetes; diey are found on or

between the parapodia. on the gills, on the setae, or

under the elylra of members ol" ten polychaete

families (Nielsen I9&ty h>,x<>sotiuilu di<>{utftn.<>fit

Willams 2000 and seven undescribed species nl'

lo\nsoma(ids are known I tout polychaetes in

Viisualia and New Zealand (Tigs 5a. b, h\l;

/VppciKlix).

V\ lule htxost'nialid species diversify is highest on

polychaetes, Invosomalid density is pmbahly InHi.'a

on sptuiges. I oxosomatids may form sinkim-dy

dense aggregations on sponge — somcOmes
ItiO.Oott /tto'rds o\t a )1si-si/exl sponge d'ul/lei

|06Nt. Some ol" these sponge-dwellmg tbrms .uc

unusually darkiy pigmented, and an aggiegation

against ibe background ola brighlls coloured ^pouLv

ean be eye-ealehing. \\\o undescribed specie, ol'

tvxoji*M9tjfa are known |Vnm sponges in /\ushah-i

and New Zealand (rigs la. 8a

k

Six lo.sosomatid species in Austiuha [LtWtlwnt&tki

hn'w. /,, t-irculan\ I,, cimfenun L. f>n\t/tt,ui, I,

it'Utmtn (all Manner 1015), J. sp. |) ^o.vv .»n

hi x

<

r/*ia»is (Appendix}. Mosl ot these- species arc

ortiainenlud by odd eirrironn organs ta* papillae (I ig.

iSb, e), and :;hare other similarities that suggest die-. 1

comprise a clade; both the ecology and the Inxqnwity

olbivo/oan-dvvelling species merit further attention.

Some brvo/oaivdweiling loxo.^omarids. originally

described by I larmer 1 1015) I'rvmi \ih<>y
{ / expedition

nUltei'tal. live in very close assoetalion with then

liosls. Oncminiseole loxosomatid specie> even li\e^

in the compensation sac of its host, aimosa ** I

eoiiipensation sac in an JnlVrslcd bryo/oan colony

contains a k>xosoinalid /ooid (Harmer l
a

15i.

Order (otoniates | iri^hennalui, |972
Suh-Order SiohMiata I'fnsehcrmann, l*>72

The sub-order Stolonala is the other large natural

grouping of kampto/oans and exhibits the second

haste body plan wiihin the phylum. The calyces ol

siolonate.^ are generally lart^ei than ihosv* ot

lo\(^omai_ids, with striHieer cdiary eurrcots thai
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apparently five the zooids (Vom dependence on

hosls^ ciliary currents (limschermann l
4172}.

Stolonate cal>vcs arc generally laterally compressed

dig 4a \v 4b; Fig. Mhi v. lOh) and musculature is

reduced, often lo just a low longitudinal strands, the

atrial retractor muscles, which extend from the base

of the calyx fo the atrium and serve to depress it

tl.mschcrmunn 1472). Calyx and stalk are separated

h\ m t it ieular diaphragm and the caly\ -stalk j\
notion

i- spanned by Ibo circulatory star-eell organ

( I nvviiermann l%°a): the longitudinal musculature

ol the stalk is not continuous wuh that of the calvv

I he stalk often boars cutioular pores or spines which

\ ji) If] st/c and density with envuonmcntul
eondilions. Stolonate Aioids, as their name implies,

grow on cylindrical .siolons iliac arc usually divided

into fertile l/ooid-beanng) and sieiile (no zooids)

fiCgnjenlS by transverse septa (Figs lb. e. 4a). I he

>epta may function to space the zooids, thus avoiding

inlerlerenoe in feeding, or may prevent damage by

sealing olVintaet sections from harmed oncs\

Siolonalc kfluiplo/tnms are memhers of the sessile

bciillnc community and ollen grow lordlier with

hvdroids and bryo/oans. The\ are preyed upon r>y

midibianeh molluscs, some of which appear lo

specialize on batculMid spe-cics (MacDonald &
Nvbakkvn l

u 7X»; prcdatum by turbcllanan

Hal worn in has also been observed f Canning &
i arllou 2IJ00)i Although seldom conspicuous,

siolonate kampuvoans arc often (airly abundant I

have found slolonales iuteriidally at cvciy site

surveyed in Australia Aj]d Now Zealand by collecting

vauoiis substrata (mostly spongers, asetdiairs,

bryo/oans. wurm lubes ami bivalve shells) in the

field and examining them in the laboratory In some
localities* an astounding 5ll'-M-75"'. t id' all snbsiuia

•eaivhed were infested vvilh stolonate kamplozoans.

although the level was usually about S-lfWA ai oilier

%itev

faiuil) Pedicel lirndae (Johnston, IS47I

The Family Pedicellinidac is considered mure
plt-Miimoiphir Hum the Baronisiidae ( I irisclicruianu

l

l >72): tiedicollinid zooids retain a lutrlv simple

zooidal stniotuio. with uudiflcicnuiiied stalks il ai

bave continuous nuiseulaiuic. live genca ale

recognized hul four of these (('/>;/</•<,<*

Lnx*}\<>rnu!(mk"i, Myi>M>nui, So/nut* c/iu) contain

only one or Iwo species, and bave mil been reported

li-tim Australia or New Zealand- flic largei genus

PvdWplUtoQ comprises about iweke -species

woildwide. sis oT which are known from Australia

ami New Zealand t Appendix i,

In colder sealers of this region, /' WfyhtMggH
Johnston £. Walkc-r f

4
J*>7 (I tg$ lb, 4a, b, 9d is

ilbiuuitous and can be collected readily bom coastal

habitats (VViiNson I'^'H the species is recognized

KAMnr./u,\HNft»PK*K f\)
j

:

by its spinalion, by ihe distinctive, glistening, double

rows id" large eelU i»n the tentacles, and by its tall,

panic le-eovercd larva ( fig. 6b). In warmer waters, ft

\vhhele£gii is replaced by another abundant -spectcs.

P itifftfHtittt Harmer I°I5 (fig, l >aK which is.

characterized by short, >qual zooids ornamented with

fililomi .spines (Wasson IfftJS}.

A rarer nediecllinid fiom Ot-ae,o, New Zealand, and

Tasmania is /-V. fit ,:fiimn pytfffrwtfr felfllW 1^?
(I i^.. 9h), Ihe stalks ytow np to n min hi^h, and

calvves can be almost I mmhieh: this species is a

gfctnt amony the world's pedioellmids. Zooids ;ue

also more densely clustereo* in this species than tv

other pedieelliiiids. Ihe w ide stolons lack septa: tho

absonco ol' intervening sterile segments allows

coords U) jgRcsW veiy close lo^edier jlony the stolon

Family Hai'eiUsiidae liUsehcruianii, l'>72

This ramily is charaelcn/ed hv the division of the

stalk into wide, flexible, muscular nodes and nan. iw

rigid, non-muscular rods that arc often perforated by

pores (lijjs le. Hie, lie). An incomplete etuieular

seplum separate* each node from the rod above i(.

fhere is a minimum of one basal node and one rod

apieal to d. but many species have multiple

alieaiatine nodes and rods. Icndine, a segmented

appauarae to the stalk

five ecnera of barenlshds are tecottro/ed

c .>/ Wllu. Pu^utJoi'iii'tt i/lithi. Pain t 7/'//r>/jv/s and

Lnuifefkt (the sole ifeshwaier form) each contain a

single specie^: most of the roughly thirty known
barcutsiid :>|>ecics Ivlonu to the genus Hwvttf^io,

Seven barenlsiitl species arc known fr<nn ,\usirali;«

and Mew Zealand iAppendixJ. si\ in die yeuus

Kiiivnts'f'ii and one in die eenu~> P^tlnvllinoi^fi. I'hc

eompK'n species *)( colder wateis, tittrctft^u/ sp, I

(Figs le. 10a, bk is characterized by small, delicah

/ooids only about 1 mmhigh, usually with 1-) senc-.

ofslalk nodes and rods. In warmer waters. It sp. I K

supplemented by L! xinknhttu fhumof ly|5 tl i.e.

I0e) \vhieh has many (average 4-?) serie> of slalk

nodes and rods. In its segmented stalk sttueuire. II

gtftfatliutii resembles the e ^smopohlan species f<

benettmi (tiiellinjier 1XS7I <lotmd |(l /\ Usiruliuii

harhoursK from which it can be distinguished by its

wad<rr. shorter nodes and by (be less pronounced

aiiicrior orientation o( the ealy\.

Pi'tih WiV//o/H7,v /r/ff/mwv llmeks 1884 (fry. I I ) is

a remarkable bareiusiid ap|varcntly endemic lo

southern Australian vvjilms i '\in>einJivi. Zooids

spiral around a bard central stem il ig. Ilai, from

which each /ooid is separated by a septum, bach

Momresembles a iroe-lern, vdih tlv ik-w est /ooiiK .u

fflO jipic:o growing tip: okk-r retitons i>\' ihe stcoi

vvltLi'e /ooids have degenerated have spiral |'iar.tLT|is

ol ,'ooid scar\> as do lower regions ol tree-lern

trunks. I he Ihiek, ri,gid .sterns branch, forming bushs
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lie. 10; Uarcntsiiti divcrajiy. U>. and <h). Bivvmsaj >t». I in side am! anterior view, respective!}, (e). /I Kmtcvfa/t*.

colonies thai may reach 30 cm across, far and away
Ihc record far a kumptO^Oftfl, rhoy arc anchored |0

the substratum by a lush basal growth of iVee

slolons. which extend downwards to serve as

rhi/oids and secondarily hack up ihc stem,

becoming inteiiwincd with it, Individual /ooids,

although unsegmented, grow to a length of 6 mm.
Ihc nodes arc large and annulale (fig. Me). The

rods arc a deep golden brown due to a very thick

cuticle and make a striking contrast 10 the pale

calyces and nodes. The rods are decorated with

alternating rows of bubble-like pores and pairs of

lateral eu'ieular ridges (Fig. lib, C'JT, a pattern of

stalk ornamentation not known from any other

barentsiid. A large culicular spine extends up past

the stalk-calyx junction on the aboral side of the

/ooid (Hig. lib). Willi its long list ol unique

features. /\ ? i//iX'/Hno/Ksis Jrittuo.sa may be the most

highly derived member of the phylum Kamptozoa.

It has yet to be observed alive.
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Fig. 1 1. The barcntsiid PcJicel/itittpsis JhtUe&sa. (si). Colony, showing zookls spiraling off of thick main stem, (b). C
and posterior spine, (c) Slalk, showing large annulate node and regularly ornamented rod.

Perspectives on the Australian fauna

Reports of kamptozoans from Australian waters

are scarce, and currently only about 37 species of

kamplo/ouns are known from Australia and New

Zealand (Appendix ). However, the Australian

kamptozoan fauna is unusually varied,

encompassing extremes Of the body plan. The
world's largest kamptozoan, Pedicel I inopsis
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kanipto/oun fauna is nunc thoroughly examined.jntiti<<t\a, dwells in these waters, as do SpflTB oFlKe

world"-; smallest kampio/oans, liny t.axosonn'iia

species On hryo/oan h03(&. Australian species may
al>o hold the record lor the jj.rcalesi density ol /ooids

in colonies; Pcifh-cllhiu pynfnrmis packs in one yiant

/(toid after another along its peculiar non-septate

stolon, while in /W/. <-'fhnt//nj\ frni/Ht\n, /ooids

spiral around a rigid! central stem resulting in a

density o! /ooids and a growth pattern unknown in

othei kampto/oans.

Ivampto/oans in Australia are neither rare nor hart)

to find, I he fauna ^\ Australia is sn poorr>

chaiaeleii/ed that new and unreported species (as

well as I hose listed in the Appendix l prohahly can l>c

collected in only a few hours anywhere ahum the

vo;ra, IJeyond lasoiioitiic identity, we know virtually

nolhuie, ahoul (he biology of Australian species. I he

liltle we ^ know leads us to suspect thai further

investigations hold much promise lor new insights

inio kanipto/oan ecloiiy, symbiotic relationships,

laival biolouy. biogeomaphy and phylogcny.

v mainly, coven the geographical dimensions and

ecological ili\ersii> of this country, many new

morphological adaptations and life history variations

are likely to he revealed when the Australian
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A i ma:. (» .1. (|X:"(>) "Mnno^i ipli M' the I ivnluva fil

I'clvvru" <Kay Society. I mulon)
\s.,itHi-. k \\9Y2\ Lox&swna h.'xaima urtd La.<as<,<ma

salhttn - h\o new .species, yuuri J \h(t*->\t. Sci 5S.

H7 143

\r ,
.-,. I) HU32J Hie ciliary tcaling mechanism of lhc

enioprocl Poly/oa. and .1 eompari.virt with llua rffAfi

eelopiucl Puly/u;i. //»>/. 75, Wi-I'i
IVm lijt it, I . M1 1SS>| "(. omparalivc f inhryoln^y", Vol 1

(Miieiiiill.in. I t union;

U\i:k.Hs. J (IN7 7| Memoiic Birr I'enihnolnpie ties

hrvo/oain.s. TIwwi en m ixt6c\ vita T'a&th&jftf, St/cntc*

w. A*™396. l-3!iM.

Umm k. (i, i WSl) UntCTsucluin^en liber dcrt Darin und ilk

Verdauuny Win kmiipio/oen. HiAc/iun unci Plntr.tnitlelL

/ \f<,r,<t> ()M TiavM, IT-IT!.
Horn*.. (;. ,y i*i.mj\ni_ vi j|0s3) Ixus i.as^atcmCN

'hn.ve.iiiN dt« krwCOtT UYfi /><,,!. I.\p. inn. *M. ^•
_

-

l

Ifim . I*. 1 1459) ( tav-.etle-. taidt.procicsoa kampio/»-;Ha-.

pp. %27-Uin If (tl'.txsL P (l.il .1 -\\:\\K- ik Ak.Ia'lk/"

VhI 5 (Massun, Paos).

(WWII l.e Piuirgconnuiieiu ct la phyli-i-'iiu'-..

tic-. I ruloproUeS el to |TwtliprtlClC% KellcMnns Mir les

prirt jviiin de ri soiniiua miimulc- Jinfi- tv. Si't \vtui.

A',n iirh (Slh Ser,l4l». 74K-7h fl

hi ,i i,. flfojA.) kenori rtti Hie I'olv/ou collected n
II.M.s t hallen^cr djJring the ye.irs I.S7.MN70, Pli.i

II. I lie C velo-aoinata Clenu^lnitUUa. jiiiI PeilteeNit.ea.

Kif> WHfis Km. // VIS Chath'itw (/"-*/ ' 17 I-

47
I wmn<,. M. II. tV C,>hiion, .1 I (2iHH)) Pieilaiiun -ai

k.illipio/itunvtlJitupriictal- fnw-'it Jiinf- 110. 3So
< I M'M'.l 'in. I-.. ( 1;-a>7| Miseellaneev /o*»li>gii|ues V Stn le

!.i!\iisin7ht /u7.r\/iW// 11 Kpj, Hrvn/nnnv muhi da v ,l "e tfts

Nflpfes.-1iW Xt'i W, sih Ser. I/.miI 18 :s .>o.

rLAOuA »l. {\
i )2\) Anew e»;i^ilH'iMi.»n .a .mimals /////

/y:v,, (V (l //; ( '.e/; (Monaco i 4011. I
-2 !.

(010, c. I, UK^J Kiiroprfeon pp- HW/" Is-iiU-iultat W 4
Krumbaeli, I ( I (K) "Maiulhaeh clcr /nolo^ie" Vol J l\V

de t .ruyer. fterhii).

l1«3l>) KaiTiplo/uii pp. I MM/<; Hmnie H.(.

(I
: d.) "Kl.^sen tuul OfiJflUniWtt des licuviehs" Vlll -I.

Pi 2. hook -I (Akavlemisehe Verluus^esellseliult
,

l.etp/iy|-

DAviNftMo.t.
. h, i iKO.inm inuihihtv^ ilh tiftli Wat

COillp. AChii. (llal'NJld L'fn\ ) 24, I 44
Dia.lN. I . I. HWI5J Ihe hi-.h».y \,\\ the yfirin cells in

PiJiticcfhiht anient una, -Inn V J . A* tu( St 1, 1ft. 1-04

I 1 its, I. (I75d) "fissfly inwiial^ a nainnil ln-,nnv m «h.

comlltnes" (Millar. I PTittfiiU

I'M 1

-.: iim;m.\ns. I'. ( I

l »M ) fiber Hnukia-pcr Nm dtfm

kairtpki/ooii liafvn/Mu frniriltx Stic*. '-''"' .InhrU

(PhVMoMft'J. ^v, i3H.

I rU63) D.ts PoaoiKpinalK-fiwacni -\;uu

irnulLliu ynn ih\ Leklv ( Kaniplo/na) Ail Mitrpltu!,

Okot. TU-tt 55. S5 l )-0|4'

(1%9a) tin Kreislaaloi^aii ki Ivampavoeii
/,// A7//^r,N. /; *>7,57r>-hOV

tlOfi^b) Spiralis an^eoidnele I nterenilieilL-i.

in den A-
1

'dauieuiea der Kainpio/oeiinuiskulaiui.

hxpnicnhu 25. ^7S-V7(«.

( IV73) f i>M>hu/\f?in s-n itt/fv L'ci.. l-i. ,-ip. nm.
(KamplD/itj. I fiMtkalypniliilae lam n*i\ ». em
nener Katnpin,- oentyp ail* dem nf>rdliehei)

t'a/il'iselien *)/eMii. fin Vor^e-hl u /ur \eitlas^Liim

der KampUvtien ^ vstoni;ii tk Afar limi. 12. 237

(1 9,&21 I xs kan\pa*/ouire-. Vm aeuicl de no.-i

ponaa'iasanew cur leui flnuttimle. Itiui devwinppciti<-n-

lenr hitfiloyic' et lour fVKiUori phvlo^enelii|iie. lintl S<h

Zattf. frr. io7. U/-.U4s
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_ i ioxm Factors Iritlucjii^ sexual maturation stud

influencing |fw $ox determination ol' tUttvntst<< (ffsciVhl

Uusk (I nloptoel.t, lUnvnlXiKluc) pp. 101-lll.X hi Hiclscil,

C\ Miid l.aiwood. d.l*. (lids) "Hrvo/oa; Ovdovicum to

RfcCCrtf' lOlsoii Si Otsen. rivtlciiNhtirjj. DenituuV).

(1087) C reeptnp propagation stolons - an

C1]ey?tivc propagation system of the freshwater lirttoprvicl

Irnadiht ty'ai'tfki I cn.lv | Karvnlsmkk') \>,li Hv>l<<>h'«iL

I OH 4_^M4X
l')')ui) On AiHmctie l

: nUtpmL'l.r nemaloc\sl-

like organs mi u lo\o.som;uid. adaptive ilcvciopmcmnl
-[-ju-uiLs. 1'iu.a -^XLiiliiiv, und bipolar occurrence irf

Sprctcv, Bivt Bull 1*4, 153-1**

(IWbi t firo-toTs l'I.ukIs. a Lin tune Invention

Ml m \ni.n\iK' enioproel. Ihht INS, O7-I0X

i h j ki . M. i W3y uluaMMiciuiv nt die protoncphndui in

/ itxrt.siuhvVct fftfoVtlli, }Uti<»f\lt HUlNftfhWUMti .Mid

i\\ii< rll/iht nf/ifia. Implicaiioiis lor the piotoncptnidia

in the ground pattern ok (lit frtioproctu [Kamplozou),

\itnvf . Mw h, 7-3*.

I
i

-
i

A, i
I'tK

1

.;!) |0vo/o: ( I nloproLLn pp. AM-S69 In

Adiyodi k.(i. & Adiyodi R..CI, (lids) "Kcptodnclive
UmIi-hv ,»f ln\crk'brates* Vol- I (Wiley & Solo, NcA*

VnrU.
(t"Hjh) ur)o/oa CniopnmlM pp. W5e5P to

A-Jiynli K.' t & AiliycHll k.tt, (I.lKi Kl| fHiducl i\ v

I'ii. i- lis rtf Invi'iU'hrakV Vol 2 (Wilev & Sous, \i_-w

ViJfU
(i. t 'M-\t-l»_ l_ I I I'MtO} (oulnkuhoii lo our knowledge ill

Australian Hinidineu Pi -I. tfrw, ' "»' Slw, V V M -V*.

G| AV\
j iotRtir>N IX P. (1

U72) liinlo'jiail rcljiionshipv in an

iiiunuktl hryoAmn p6pulaliat| I NtU Nm 6, 503 SI I

_ Sl Km i
u-fi'isi

,
W. -I. (|9l /i t"aw t<"dnc\ in

* >k;ik:-n Point Marine Ueserxc: tvv icv\ of knowledge jiiiI

njhliugi iphi lo l

4
*7S. Ri/w (J loi ft/W/ ' 'ft f tekl

• '«/>) 22 (sujrol |,
I ]4(i,

Hai.-mi .,-. S. k i IXXV) t hi die suneiuie miilI Je\clopincni of

faiYrmtna. Quart* J. W/twav, SW. 25. 2A1-.13
:

( IKK7) ( Ml Lite- lilV-lliMorv ol t'tJuilhinr Ihul

27, SJM63,
,

(IMI5) Ihii Tiily/on dI ihc Siho^.i I K)nHlJ(n>n

Pi I, l'.|Uitproi'-;L (LtflUNtTiniaiEL Mild C udo-.loindUi

v;/-:. &ffl !<-/< 28A, I | fffl.

h ,mm'.;ms_ a 1 1«>_;;:, id,- polyww, ov Btm Re$ i

/'OS' /yjtf S,
f A','/-- -», Vix-.-v-;

II *,sw|
i i,, \\, \ I IKWI f Ob>Ul'VUllOf1? "ii Ihf < IdotiK-umliiv

•\iili kptfuHll K-tt-iciiLV id wcriiiin Ansiiiiliiiii JariTfti Pn?i

,

t/Wi Sftt' A :> ft: 22. 32«) 156,

H -u t
(i. ( I'M'M the Mollicci: CO' Ivnjliiil

hirrvlkiiiLiii'-, im inVAOIWl^lYnin: LiiilK'liiK',' pp. t-2N /"

I :i vim. I IX 1 1 .1 i

•( friL'm Dlul I A ol III II mumy Ivjdijliun "I

ih..- Mollusc;'" m Moid i nivcrsii; i^rr-is. i undoni

_ ,su j ..i n -\w\ i-
, I. v. is. knoi k, k. M( I0W)

[ ;in,il pl.'Mlklohophv :i pnmitivL' Iniil in Llio htljluiij

"

lit i /W 70. i 41 l:>-l,

[Uifi ims., If (IN/7) linhryon^krH^ icklun-,' mid
kilONpuilL- tltfl /V.//* ,///>/,; l, ft/wtf/|-, /t .7. H/AVi /<"•/. 2 l

»,

5(12-549.

_ tlNJ>S) 'M clnhikh ik-r /iink.MK Ktj ktscltcr.

I
. i , 1

1

Midi iv t 1 1^1-5) An ccolofK.il sUuli .u ilu Sydrti*^

Hcjtchcs (Picsi'Jcnhiil nJdivss)./ f'nu. A'o» A>« V .' I)

4^, I 5-77.

iin hi NiAibi'i i
. W 4 |:

-
;

'

,s;
*

I to ,l11
-

,u ''
i m ' '''

!/) i/i/w'

ih New /c.d.iud. h.VW#. />»( V Z tttM 'A !j V3l ^". 2 1 K.

Iliii..^.. W A, [\$IS\ A Mlitij ol 11k rnov-.iT, i;i)l
. ,i

fnhtpittwkiii bryo/fwiTR ihius, \mm WA(ww 5i/i >-.

1^.. Ml
||t-.< i.s. |.||KKH)-A histoi-v ol Ihc Ikihsll IIUlllBC I'<'1>/- IH

I Van Voorsl. I oiulon).

i l>iK4) l onitil-uiions lownrds ;i ^cnci;d huioiv

of the marine I'oIyam, 1^/// tofcft Ai//. Witt/, tScr, ?J 13.

356-36^1

IhM.AN, U Ikd^-^D-klK ln\eilchraK>" Vol 3 (McCiriiW

M.Ik New Vo.k).

lAMI usri '•..(•.
t

I'XvJM'n lln; morphuldfiV ;nul ivpr.wh.riioii

olomoproii lorvu, /oo/ /v/,/ / '/yj. Jo\JW5-3(4,
||072)

kt

lL-,oliil.o».ot the Ml-I.i/ojU 1 lick >Vll

JActtdtfmit I'ivns, New York).

J| !*m,\ii\. C , (ls>N2) C\nnpoMHon chimiiinr COmpilH I

1

loimiilions si|iiclL'Ui(-jii(js clicv Ics lophophoi ii'iis CI luS

cndoprocicN. /.^// No< . »w/. /> 1117. li>0 W.
i'

il
i JHiyJN Ci ( IS47) "A hi^niry ol Urinal / t >opli\lcs 2iu\

cd. (Vun Vooisi, I ondi»n).

Im HSMiH, I, II. lV VVai ki h. NX X t !°l 7) \nc\\ species '.i|

/'. fficdftM IVitin Sydnc> H;»ihoiir. /'"h. R- Xfti <Jkt l\K

& ANHill, I M. (I04l)t l.ndoproci.i. A.I

inhtr, A' ( v K\p W$i W/ Rc(
> t$vi. H, - 7jh>I. .v! «*•/ i

4. Jlv?^|,
Ki iiwviiin. W' (1862) L'her l.wimmw \in$tilwxi ^mt. ct

:-.p. n,. Ucm SchniHMlWI cmcr AnnclidL-- 1 huer'iUyllUll£C(|

dhcr in* dik Scdicre. A/X ll/.v,v /o,./, 12. 131-152.

KikkOAl MU V. K. (IX'JOj) Kcpoiis on die /'iXilogicjl

collections made m lone-. Sn;uk. I>s IVolessor \"

Ik.dd-m ls,ss-l,sN l k llvdrouli. mid I'olv/o.., s, ,. r r <»

/:,. 0ittti. Sat ft,MU 626,

_(IS°0h» IVIv/o.i Inmi I'oii Phillip X»' '

\,tt, itht c». u -:i.

1 ii^.M-.V, I. ||VU5| Llie IjnlHyoujIeniv, kl.lntir djf

Vt!$Lvtfiwudtimti£iSm,8fc>i fort 25. ^ 3
t>

l.inri, J. (ISM) ' nt some Ainerie;ni I'oKvoj, /Ave. I. /«/.

\k Do\mi>. (i. R. cV Nvhakkin, ) VV (I07X) \,klu i il

nolc-, on ihc food ol fiftmC (. Lilit'.-rtn.i nudihi'.inehs s\ il, q

SlIffinXHVy id known lOotl h:i01l« ok C .iIiIoimki :>pv\ k"-.

item h, ii"-
1 Li

Mai tin. i iyixw l

J
II. (IXiS?» A c.ii.doync ol llic rrt

I'.dwoi.ol Vieion:. ftntf tiff) Stir, m 23. ix7-::j

m \i lit, i >.. vv n-. .ii r
i ii k\. !x. In Wai m i ip. k: .

H\ih I
, I AIM lll«MANM. I

1
,

Az(.\|OV. J K | WVf>)

It*5 i'KNA suuucsis thai Ufituprcctu tire prot<»»(on>VH
(

untvkiu-d to lictoprocU i/ W/Vw Ei'tf/i -^2, 5?2-55%
Mmai-.iio\, V V-l 199(1) l-K-stupnuo Ml ihc dc\elupmeni ol

.{XCQfftUktrtCl ihurrhi it okininles, H:iiCiMsiid;H'| ;ind

di.Ln.sioii ot die Kmnpio/oa sunt-, in the anini.il
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Appendix

Known kamptozoan diversity in waters around \ustralia and New Zealand.

This appendix lists the 19 described and 18 undescribed species of kamptozoans known from Australia and New Zealand.

The first column gives the species name. Undescribed species have been assigned a number. Those loxosomatids whose
basal attachment (generic character) could not be determined arc listed simply as "loxosomatid". The second column gives

the author e\\ the original species description for described species, or a brief descriptive phrase (for loxosomatids, host is

given) tor undescribed species. The third column gives the citation for occurrence of this species in Australia or New
Zealand. For new records (Wasson, this paper), the name of the collector is given in parentheses. The Fourth column lists

(abbreviated) the Australian State or the Island of New Zealand where the species was found.

IAMII A lOXOSOMATIDAE(7 deseribeel + 17 undescribed species)

Loxosomcila hreve

Loxosomcila circiilarc

Loxosomcila cirri fcrnm

Lovnsomcila diopatricola

Loxosomcila kcjcrsfcim'i

Loxosomcila pitsillrmi

Loxosomcila vclatmn

Loxosomcila sp. I

Loxosomcila sp. 2

Loxosomcila sp. 3

(Harmer, 1915)

(Harmer, 1915)

(Harmer, 1915)

Williams, 2000
(Claparede, 1867)

(Harmer. 1915)

(Harmer, 1915)

on bryozoan
dark zooids on sponge

light zooids on sponge

Hastings 1932 QLD
Hastings 1932 QLD
Hastings 1932; Wasson. this paper QLD
(R. A. Birtles & P. Arnold)

Williams 2000 VIC
Wasson & Shepherd 1997 SA
Hastings 1932 QLD
Wasson, this paper

(R. A. Bittles & P. Arnold) QLD
Wasson & Shepherd 1997 SA
Wasson & Shepherd 1997 SA

Wasson, this paper

(M. Barker & K. Wasson)
SNZ
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L.oxo.soHK'lla sp. 4
tiixo.soim'/la sp. 5

L<t\o,\(ttti{?tki sp. 6

Uixoaomeifa sp. 7

LoxosomelUi sp. 8

I j>u>si>iti(t sp. I

Loxosonnt sp. 2

LokosOtfut sp. 3

Lovosomalid sp. 1

Loxosornatid sp. 2

Loxosornatid sp. 3

Loxosornatid sp. 4
Loxosomalid sp. 5

loxosornatid sp, 6

on polydureie Sdwnelais
on polynoid polyehaele

im prawns

on polychaete

on pdychaefe Eunice

OH polyehaele Coppering*

on polyehaele Pet tinaria

on polyehaele Axiothella

on siputunlan Pluisolosmint
on liirudinean Hrnncheftion

on hirudinean Pnntohdelia

on bryozoan Anutthia

On squat lobster Thenus

on aquarium walls

FAMILY PEDICELL1MDAC(6 described species)

Pedh-eilhia cerium (Pallas. 1774)

Peilicellinn ittnipavHt

Pedicel (ilia grandis

Pedtcellina pernue
Pcdi< elliiut pyri/o?nii\

Pedieelliint wktKtfggh

Manner. 1915
Ryland. 1965

Rviand. [965
Ryland. 1065

Johnston & Walker, 1917

Hastings 1932
VVasson. this paper
(M Barker & K, Wasson)
Wasson, this paper (R. Lester)

Wasson, this paper (IX Gordon)

Williams 2000

Haswell mt; Hastings 1932;

Wasson. this paper

(R, A. Butte* -& P.Arnold)

Wasson, this paper (J. Collins)

Wasson, this paper (D. Gordon)
Whilelegge 18X9

Goddardl909
(ioddard 1909

Harmer 1915

Wasson, this paper (R. Lester)

Gordon & Ballantine 1977

Kirkpatriek 1890b;

Chitlleborough 1

; Wasson 1995

Hastings 1932; Wasson 1995

Ryland 1965
Rvland 1965

RyJand 1965. Wasson 1995

Wasson 1995 (and others cited iherein:

FAMILY' BARF.NTSIIDAF (ft described + I undescrihed species)

Ihirentsiii henedeni

BttrenUhi discreta

Harcntsiti genii ulntn

Barenisui iaxa

B(tn'nr\ia nim^nshiniana

Barenisia sp. I

Pedicedwopsis j'ruticosa

QLD
SNZ

NT

NNZ

VIC

QLD
QLd

QLD
NNZ
NSW
WA
WA, NSW
VIC
QLD
NN/

VIC. SA

QLD
SNZ
SNZ
SNZ. TAS
NSW, VIC,
SA, NNZ. SNZ

NSW. SA
SA
VIC
NNZ

OLD

NT
SNZ

(Foettingcr, 1X87) Wasson & Shepherd 1997;

Imisidentified as B. i>nu His) Clnttleborotigh 1

(Busk, 18861 Wasson & Shepherd 1997

Wasson, diis paper

tl). Gordon & S. O'Shea)
Harmer. 1915 Wasson, this paper

(R. A. Billies & P.Arnold)

Kirkpatriek, 1890a Kirkpatriek 1890a
Toriumi. 1951 Wasson, this paper

(M. Barker & K. Wassoiu
minute, delieale /ooids Wasson & Shepherd 1997;

Imisidentitied as B. gnicdis] Kirkpatriek 1890b; Waters 1904;

Hastings 1932;

Hil^endoiT 1898; Gordon 1972
Hineks. 1884 Hineks 1884; Busk 1886;

MaeGillivray 1887; Whiteleeue ISS9; VIC. NSW.
Medley 1915; Johnston & Angel 1940; TAS
Wasson & Shepherd 1997

NSW. SNZ, SA
VIC. QLD

SNZ. NNZ

(nil n i bokui on. R. G. (1952) Marine Fouling at Port Adelaide. MScThesis, The University of Adelaide (unpuk).


